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Summary

The Zynq®-7000 All Programmable SoC contains two Cortex®-A9 processors that can be
configured to concurrently run independent software stacks or executables. This application
note describes a method of starting up both processors, each running its own bare-metal
software application, and allowing each processor to communicate with the other through
shared memory.

Included
Systems

Introduction

Design
Overview

The design is created and built using Xilinx Platform Studio (XPS) 14.3 and includes software
built using the Xilinx Software Development Kit (SDK). A complete set of project files is
provided with this application note to allow the designer to examine and rebuild the design or
use the files as a template for starting a new design.

Pre-built and pre-implemented files targeting the Zyng-7000 ZC702 demonstration platform are
also provided if designer wants to skip the steps of reproducing hardware, software, or boot file
targets.

The Zyng-7000 AP SoC provides two Cortex-A9 processors that share common memory and
peripherals. Asymmetric multiprocessing (AMP) is a mechanism that allows both processors to
run their own operating systems or bare-metal applications with the possibility of loosely
coupling those applications via shared resources.

The reference design includes the hardware and software necessary to build a reference
design that runs both Cortex-A9 processors in an AMP configuration. Each CPU runs a
bare-metal application within its own standalone environment. Care has been taken to prevent
the CPUs from conflicting on shared hardware resources. This document also describes how to
create a bootable solution and how to debug both CPUs.

In this reference design, each of the two Cortex-A9 processors (CPUO and CPU1) is configured
to run its own bare-metal application. In this AMP example, the bare-metal application running
on CPUOQ is the master of the system and is responsible for:

e System initialization

e Controlling CPU1 startup

e Communicating with CPU1

e Sharing the UART with CPU1

The bare-metal application running on CPU1 is responsible for:

e Communicating with CPUO

e Servicing interrupts from a core in the programmable logic (PL)
e Sharing the UART with CPUO

The Zynq SoC processing system (PS) includes resources that are private to each CPU and
shared by both CPUs. Care must be taken to prevent both CPUs from contending for these
shared resources when running the design in an AMP configuration. Refer to Zyng-7000 All
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Programmable SoC Technical Reference Manual [Ref 1] for further information on shared
versus private resources. Though some of the approaches to managing these shared or private
resources are application specific, many of the resource management approaches used by this
reference design can fundamentally be reused as-is.

Examples of some of the private resources are:

e L1 cache

e  Private peripheral interrupts (PPI)
e Memory management unit (MMU)
e Private timers

Examples of some of the shared resources are:

* Interrupt control distributor (ICD)

e DDR memory

¢ On-chip memory (OCM)

* Global timer

*  Snoop control unit (SCU) and L2 cache
e UARTO

In this example, CPUO is treated as the master and controls the shared resources. If CPU1
were to require control of a shared resource, it would have to communicate the request to
CPUO and let CPUO control the resource. To keep the complexity of this reference design to a
minimum, the bare-metal application running on CPU1 has been modified to limit access to the
shared resources.

OCM is used by both processors to communicate to each other. When compared to DDR
memory, OCM provides very high performance and low latency access from both processors.
Deterministic access is further assured by disabling cache access to the OCM from both
processors.

Actions taken by this design to prevent problems with the shared resources include:

e DDR memory: CPUO has only been made aware of memory at 0x00100000 to
0x001FFFFF. CPU1 uses memory from 0x00200000 to 0x002FFFFF for its bare-metal
application.

e |2 cache: CPU1 does not use L2 cache. L2 cache is a shared resource and CPUO owns
this resource. If CPU1 used L2 cache, L2 cache flushes and invalidates would need to be
requested from CPUO and CPUO would exercise the action. It is beyond the scope of this
example design to include a communication channel that enables CPU1 to request L2
cache interactions.

* ICD: Interrupts from the core in PL are routed to the PPI controller for CPU1. By using the
PPI, CPU1 has the freedom to service interrupts without requiring access to the ICD.

e Timer: CPU1 uses a private timer.

e OCM: Accesses to OCM are handled very carefully by each CPU to prevent contention. A
single OCM address location is used as a flag to communicate between the two
processors. CPUQ initializes the flag to 0 before starting CPU1. When the flag is zero,
CPUO owns the UART. When the flag is not zero, CPU1 owns the UART. Only CPUO sets
the flag and only CPU1 clears it.

For demonstration purposes only, a custom embedded core included with this example design
is used to provide a simple interrupt source. An output from the ChipScope™ analyzer Virtual
Input/Output (VIO) core is connected to this core, enabling the user to generate interrupts
towards the PS at their leisure. Using the ChipScope analyzer VIO core provides more control
for when an interrupt occurs and therefore makes it easier to measure the latency of interrupts.
In a real-world design, however, this core would not exist. Instead, the interrupt would be
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sourced by a truly functional piece of logic in the PL, such as a direct memory access (DMA)
engine.

Hardware

The PL block contains a custom, embedded core connected to a synchronous output of a
ChipScope analyzer VIO core (Figure 1). The VIO core provides a mechanism for a user to
interact with hardware from ChipScope analyzer.

ILA

VIO Irq_gen Core1_nIRQ
pcore
r PS
AXI Interconnect - M_AXI_GPO

X1079_01_020613

Figure 1: PL Block Diagram

In this design, when the VIO generates a pulse, the custom core forwards an interrupt to the PS
Core1_nlIRQ pin. The core is also connected to the PS master general-purpose port
(M_AXI_GPO) through an AXI Interconnect that allows both CPUO and CPU1 access to the
control register within the core. CPU1 accesses the control register to clear the interrupt
request (IRQ) during the interrupt service routine. CPUO can optionally use the control register
to create an interrupt towards CPU1. The Core1_nIRQ pin connects directly to the CPU1 PPI
block so there is no need to modify the configuration of the shared ICD. A ChipScope analyzer
AXI monitor core is also included and allows the user to measure the latency of the IRQ being
serviced.

Address Map

In the PL there is a single irg_gen embedded core that contains a single control register. The
register is located at BASE+0 (0x78600000). Table 1 contains a description of the register.

Table 1: IRQ_GEN Control Register

Bit Access Description
[31:1] R/W Unused. Value written can be read.
[0] R/W IRQ asserted:

0: IRQ is not asserted towards the PS.

1: IRQ is asserted towards the PS. If the VIO_IRQ_TICK pin is
asserted (by the VIO), this bit is set. The CPU can also set this bit.
Only the CPU can write this bit to clear it.

XAPP1079 (v1.0.1) January 24, 2014 www.Xilinx.com 3


http://www.xilinx.com

Design Overview & XILINX.

Software

The software can be broken down into three sections:

e First stage boot loader (FSBL)
e Bare-metal application for CPUO
* Bare-metal application for CPU1

FSBL

The FSBL always runs on CPUO and is the first software application that is run after power-on
reset of the PS. The FSBL is responsible for programming the PL and copies both application
executable and linkable format (ELF) files to DDR memory. After loading the applications to
DDR memory, the FSBL then starts executing the first application that was loaded.

The version of FSBL included in the ISE® Design Suite 14.3 does not support multiple data or
ELF files. The current FSBL first looks for a bit file. If a bit file is found, the FSBL writes it to the
PL. Next, whether or not a bit file is found, the FSBL loads one application ELF into memory
and executes it. This operating sequence does not support such an AMP configuration, so the
FSBL must be modified.

Within this AMP example’s project files, the FSBL has been modified to continue searching for
files and loading them into memory until it detects a file that has a load address of
OxFFFFFFF0. Upon detection, the FSBL downloads this last file then jumps to the executable
address of the first non-bit or non-boot file found (which is the application for CPUO). For details
regarding how CPU1 starts up, refer to the Zynq-7000 All Programmable SoC Technical
Reference Manual [Ref 1].

Bare-Metal Application Code

The reference design has both CPUO and CPU1 running their own bare-metal application code.
CPUO is responsible for initializing shared resources and starting up CPU1.

The bare-metal board support package (BSP) named standalone_v3_07_a that is part of the
EDK 14.3 install includes support for the preprocessor defined constant USE_AMP. This
constant prevents the BSP from re-initializing the PS SCU that has previously been initialized
by CPUO. One caveat of using the USE_AMP constant is that the MMU mapping is adjusted to
create an alias of memory where the physical memory located at address 0x20000000 is
virtually mapped to 0x00000000. This remapping is done in the BSP boot file boot . S. The
re-mapping is not necessary for this design. A modified version of the BSP is included in the
reference design to remove the re-mapping when USE_AMP is set.

CPUO Application

CPUQO’s application is located in memory starting at address 0x00100000. The linker script is
used to set the starting address.

The CPUO application does the following:

1. Configures the MMU to disable cache for OCM accesses in the address range of
0xFFFF0000 to OxFFFFFFFE. The address mapping of the OCM is untouched, so OCM
exists at addresses 0x00000000 to 0x0002FFFF and addresses 0xFFFF0000 to
O0xFFFFFFFE. Only the high 64 KB of OCM is used by the example design so cache is
disabled on addresses OxFFFF0000 to OXFFFFFFFF.

Initializes the ICD.

Starts CPUA1.

Prints to the UART.

Sets a memory location in OCM that is used as a semaphore flag.

o0~ 0D

Waits for the memory location in OCM that is used as a semaphore flag to be cleared.

XAPP1079 (v1.0.1) January 24, 2014 www.Xilinx.com 4


http://www.xilinx.com

Reference Design & XILINX.

The CPUO application repeats step 3 to step 6 indefinitely.

After the PS powers up and the internal boot ROM completes execution, CPU1 is redirected to
a small piece of code in OCM at 0OxFFFFFE00. This piece of code is a continuous loop that
waits for an event, checks address location 0xFFFFFFFO for a non-zero value, and then
continues the loop. If 0xFFFFFFFO0 contains a non-zero value, CPU1 jumps to the fetched
address.

CPUO starts CPU1 (both running bare-metal) by writing the value of 0x00200000 to address
0xFFFFFFFO0 and then running the Set Event (SEV) command. SEV causes CPU1 to wake up,
read the value 0x00200000 from address 0OxFFFFFFFO0, and then jump to address
0x00200000. The FSBL is responsible for placing the CPU1 ELF at 0x00200000.

CPU1 Application

The CPU1 application is located in memory starting at address 0x00200000. The linker script
is used to set the starting address.

The CPU1 application performs the following:

1. Configures the MMU to disable cache for OCM accesses in the address range of
0xFFFF0000 to OxFFFFFFFE. The address mapping of the OCM is untouched so OCM
exists at addresses 0x00000000 to 0x0002FFFF and addresses 0xFFFF0000 to
O0xFFFFFFFE. Only the high 64 KB of OCM is used by this application note, so cache is
disabled on addresses OxFFFF0000 to OXFFFFFFFF.

2. Initializes the PPl interrupt controller and interrupt subsystem.
Waits for a memory location in OCM that is used as a semaphore flag to be set.

4. Prints to the UART. The string printed is chosen dependent on whether or not the interrupt
service routine incremented a global variable. If the global variable irg_count is not zero,
CPU1 sets the value to zero.

5. Clears the memory location in OCM that is used as a semaphore flag.

The CPU1 application repeats step 3 to step 5 indefinitely.

Inter-Processor Communication

The inter-processor communication in the example design is a semaphore flag. When the
semaphore is set, CPU1 owns the UART and when it is cleared by CPU1, CPUO is free to use
the UART. This is a simple mechanism to share resources. The OCM memory is chosen
because it is a low latency, shared resource. Also, this area of OCM is not cached so the
memory accesses are deterministic.

If DDR memory were to be used for the semaphore, there would be a higher latency for
accesses during cache misses and less deterministic accesses due to background refresh
cycles. DDR memory accesses are also bursty in nature so time would be wasted as a write or
read burst occurs to access a single 32-bit value.

Reference The reference design files can be downloaded from:
Design https://secure.xilinx.com/webreg/clickthrough.do?cid=203247

The reference design matrix is shown in Table 2.

Table 2: Reference Design Matrix

Parameter Description

General

Developer name John McDougall
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Table 2: Reference Design Matrix (Cont’d)

Parameter

Description

Target devices (stepping level, ES, production, speed
grades)

XC72020-CLG484-1

Source code provided Yes
Source code format VHDL and Verilog
Design uses code/IP from existing Xilinx application | No
note/reference designs, CORE Generator software, or

third party

Simulation

Functional simulation performed No
Timing simulation performed No

Test bench used for functional and timing simulations | No

Test bench format N/A
Simulator software/version used N/A
SPICE/IBIS simulations No
Implementation

Synthesis software tools/version used XST 14.3
Implementation software tools/versions used EDK 14.3
Static timing analysis performed Yes
Hardware Verification

Hardware verified Yes

Hardware platform used for verification

ZC702 board

These files are included in the reference design:

XPS project

SDK source files for CPUO and CPU1 applications

Generated files:

e Bitfile

e Allfiles for the SD card

* Application ELF files for CPUO and CPU1
BOOT . BIN build scripts

Modified bare-metal BSP

Modified sw_apps FSBL

Table 3 and Table 4 show the device utilization details.
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Table 3: Device Utilization (1)

Parameters Specification/Details
Device utilization without testbench Slices 251
GCLK buffers 2
PS7 1
RAMB36 1
HDL language support Verilog/VHDL

Table 4: Device Utilization (2)

Device Speed Grade | Package Pre-l\cllca,ﬁ éﬁz?rzlt'l)esis Post-Route Slices
XC72020 -1 CLG484 240 MHz 146 MHz 251 (1%)
Implementation This section discusses the implementation of the reference design.
Details The design files should be extracted to a directory called design. After the files have been
extracted, a new directory called design\work should be created. Files should be copied as

shown:

¢ design\src\bootgen to design\work\bootgen

* design\src\edk_systemto design\work\edk_system

All generated files have been included and are located in the directory
design\generated_files.

Generating the Hardware

This section describes how to create the hardware design. The pre-compiled design is
available at design\generated_files\fpga\download.bit but the following steps
must be exercised to export the hardware platform to SDK:
1. Start XPS and open the embedded project at:
design\work\edk_system\system.xmp
2. Select device_configuration > update_bitstream.
After completion, the downloadable FPGA bit file is available at:
design\work\edk_system\implementation\download.bit
A precompiled version of the bit file is also available at:
design\generated_files\fpga\download.bit'

3. Export the hardware project to SDK by selecting Project >
export_hardware_design_to_SDK.

4. Click the Export & Launch SDK button.
At this point, XPS exports the embedded system configuration using a system.xml file
that is used by SDK to understand what peripherals are present in the design and what the

base addresses are. The file is automatically exported to the
design\work\edk_system\SDK\SDK_Export\hw directory.

5. SDKdisplays a dialog box asking where the workspace is located. Browse to and select the
design\work\edk_system\SDK directory.

6. Click OK (once).
7. Add \Workspace to the end of the selection, as shown in Figure 2.
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’ Workspace Launcher &J

Select a workspace

Kilinx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace:s Chdesigniworkiedk_syster\SDK\Workspace - Browse...
+ Copy Settings

e

'\?\' | OK ] | Cancel

X1079_02_020613

Figure 2: Select Workspace Directory

8. Click OK.
SDK automatically creates the \Workspace subdirectory.

Generating the Applications

Configuring SDK

The standalone BSP files (used by the bare-metal application) and the modified FSBL source
files are included in this application note. To give SDK knowledge of these files, SDK needs to
be configured to locate the new repository.

To configure SDK:
1. Start SDK and open the workspace at design\work\edk_system\SDK\Workspace.

Note: This step is not necessary if XPS was used to export and launch SDK.

2. Point SDK to the included repository that contains the modified standalone BSP and
modified FSBL.

a. Select Xilinx_tools > Repositories.

b. Next to Local Repositories, click New.

c. Browse to, and select the design\src\sdk_repo directory.
d. Click OK.
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The Preferences window is displayed, as shown in Figure 3.

type filter text
General
C/C++
Help
Install/Update
Remote Systems
Run/Debug
Team
Terminal
Kilinx SDK

BootImage

Flash Programming
Hardware Specification
Log Information Level
Repositories

Target Manager

KMD Startup

Add, remove or change the order of 5DK's software repositories.

Local Repositories (available to the current workspace)

Ci\designisrctsdk_repo

Global Repositories (available across workspaces)

= ]
2
i 3

Remove

Up

Relative

EW,
Remove
Up
Down
SDK Installation Repositories
C:\Xilinx\14.3\14 3\ISE_DS\EDK\swilib,
ChXilina14.3\14 3\SE_DSVEDHKD {ilinkProcessorlPLibY
C:\Xilinx\14.3\14 3\ISE_DS\EDK\swh ThirdParty',
Mote: Local repository settings take precedence over global repository settings.
Restore D'efaults] [ Apply ]
’ oK ] ’ Cancel

Figure 3: Select Repository

Creating Custom FSBL Application

The custom FSBL is created using a new template from the repository.

X1079_03_020613

Note: Before proceeding, the SDK must have been configured as described in Configuring SDK.

To create a custom FSBL application:

1. Select File > New > Application_Project.

XAPP1079 (v1.0.1) January 24, 2014
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2. In the Project Name field enter amp_fsbl, as shown in Figure 4.

@ New Project o | -

Application Project .
Create a managed make application project. @

Project name:  amp_fshl|

Use default location
Location: | X:\case9824_xappsiamp_std-std_14.3\amp_14 Iwork\edk_sy Browse...

Choose file systerm: | default

Target Hardware

Hardware Platfarm [edk_system_hw_pl.atform V]
Processor [ psT_cortexad 0 - ] L
Target Software

0S5 Platform ’.Standalcme V]
Language @C @OC++

Board Support Package @) Create New  amp_fsbl_bsp

Use existing

@ <Back | Nea> |[ Finish ][ cancel

e — 4
X1079_04_020713

Figure 4: Create Custom FSBL
3. Click Next.
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4. In Available Templates select Zynq FSBL for AMP, as shown in Figure 5.

New Project R e | =0 |
Templates o
Create one of the available templates to generate a fully-functicning i ™
application project.
Available Templates:
Dhrystone AMP Modified First Stage Bootloader -
Empty Application (FSBL) for Zyng. The FSBL configures the
Hello World FPGA with HW bit stream (if it exists) and
IwIP Echo Server loads the Operating System (05) Image
Memory Tests or Standalone (S4) Image or 2nd Stage
Peripheral Tests Boot Loader image from the nen-volatile

Zyng FSBL |memory (WAND/MOR/QSPI) to RAM
S e o il
multiple partitions, and each partition
can be a code image or a bit stream.
MOTE: Modified add support for multiple
files for AMP.

@ < Back Mext » [ Finish ] [ Cancel

— = — —

X1079_05_020613
Figure 5: Select Custom FSBL Template
Note: If this template is not available in the list, verify that the repository is set up correctly.
5. Click Finish.

When SDK finishes compiling the new amp_fsbl_bsp BSP and the amp_fsbl application, the
FSBL ELF is available at:

design\work\edk_system\SDK\Workspace\amp_fsbl\Debug\amp_fsbl.elf
A precompiled version is also available at:

design\generated_files\SDK_apps\amp_fsbl.elf

Creating Bare-Metal Application For CPUO

The instructions in this section describe how to create the application ELF that runs on CPUO
after the FSBL copies the application ELFs to DDR memory.

Note: This application has already been compiled and is available at
design\generated_files\SDK_apps\app_cpul.elf.

To create the CPUO application:

1. Start the SDK.
2. Select File > New > Application_project.
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3. Change the Project Name to app_cpu0, as shown in Figure 6.

Application Project

Create a managed make application project.

Project name:  app_cpul

Use default location
Location: | K:\case9824_xapps\amp_std-std_14.3\amp_14 3\work\edk_sy

Choose file systerm: | default

Target Hardware

Browse...

Hardware Platform ’ edk_system_hw_platform

Processor ’ psi_cortexad 0

Target Software

05 Platform l Standalone

Language @C @ Crsr

Board Support Package @ Create New  app_cpul_bsp

&) Use existing | amp_fsbl_bsp

@ <Back | Nea> |[ Fnish ]|

Cancel ]

= ———

Figure 6: Create app_cpu0

4. Click Next.

X1079_06_020613
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5. Select Empty Application, as shown in Figure 7.

Templates

o
Create one of the available templates to generate a fully-functicning &
application project.

Available Templates:

DhEstone A blank C project. »
Helle Werld

IwIP Echo Server
Memaory Tests
Peripheral Tests
Zynq FSBL

Zynqg FSBL for AMP

@ [ <Back | mea> [ Fmish J[ Canca ]

= -

_ )
X1079_07_030113

Figure 7: CPUO Empty Application
6. Click Finish.
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7.

In the Project Explorer tab, expand app_cpu0 and right-click on the src folder, as shown in

Figure 8.

. i
G C/C++ - 0_b tem.mss - Xilinx SDK_ -
/C++ - app_cpul_bsp/system.mss - Xilinx . 3
File Edit Source Refactor Mavigate Search Run  Project
e | 22 & @i e~
v v ol o C:l - -
1 Proj orer 53 = (B stermn.xm .!_
) Project Bxplorer &3 O || s I (&
b
H = app_cpu0_bs
488 amp_fshl
b . .
o ) Includes Maodify this BSP's ¢
[» = Debug
b G stc Target Information

nec.

4 @ amp_fsbl_bsp

» 1 BSP Documentation

[+ = psf_cortexad 0
| libgen.log
\Z| libgen.options

This Board Support

Hardware Specifical
Target Proce:

Operating System

| & Makefile
[, system.mss Beoard Support Pack
4 = app_cpul Mame: st
I @JII"ICILIdES Version: 3.
¥ [E, SrC m == ot
b M app_c L Y e
4 B edk_sy Go Into 5t
4 ps Open in MNew Window
ps A
i5 Co trl+
@ ps| I3 Copy Ctri+C b
'2' p= Paste Ctrl+V [
o =
S =Y ¥ Delete Delete
Move... I
]
Rename... B2
g2y Import.
LY Export..
& Refresh B
Index »
Make Targets 4
- ';
5 Resource Configurations = L
Team »
ALY 1R Compare With r
Restore from Local History..,
Properties Alt+Enter

X1079_08_020613

Figure 8: CPUO Import
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8. Expand General and select File System, as shown in Figure 9.

@ Import B ey

Select

Choose import source, I-E - 5 i

Select an import source:

type filter text

4 E& General
" [& ArchiveFile

1% Existing Projects into Workspace
[, File System
|, Preferences

s B CfC++

[> [ Remote Systems

> &% Run/Debug

» = Team

@ < Back Next > Finish

X1079_09_020613

Figure 9: CPUO General File System
9. Click Next.
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10. Browse to and select the design\src\apps\app_cpu0 directory, as shown in

Figure 10.

11. Click OK.

Import from directory

eS|

Select a directory to import fram.

4 | design
4 . srC
4 1 apps
J app_cpu[] %
. app_cpul
. bootgen
. chipscope
edl_system
> sdk_repo

[

Folder: app_cpul

Make Mew Folder

[

OK ][ Cancel ]

X1079_10_020613

Figure 10: CPUO Select Source Directory For Import

12. In the left pane, click the app_cpu0 folder but do not select the check box.
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13. In the right pane select all files, as shown in Figure 11.

& Import - o x
File system =
Import resources from the local file system. / /
-
From directory: Chdesign\srchapps\app_cpul - | Browse... |
W= app_cpul ] [£ app_cpud.c
[¥] T lscript.ld

Filter Types.. | [ SelectAll | [ DeselectAl
Into folder:  drma_test/src Browse...
Options
[] Overwrite existing resources without warning
[ Create complete folder structure

Advanced > >
@:‘ < Back Mext > [ Finish ] I Cancel

X1079_11_020613

Figure 11: CPUO Select Files to Import
14. Click Finish.

15. In the pop-up window, click Yes to overwrite Iscript.ld.
After SDK finishes compiling the new application, the ELF is available at:

design\work\edk_system\SDK\Workspace\app_cpul\Debug\app_cpul.elf
Create Bare-Metal Application For CPU1

The instructions in this section describe how to create the application ELF that runs on CPU1
after the FSBL loads the applications to DDR memory. This step is slightly different than
creating the application for CPUO because CPU1 uses the customized BSP. An important
aspect of this design is that it prevents CPU1 from accessing shared resources such as the ICD
or SCU. SDK is used to create the BSP using the customized standalone BSP from the
repository that is included with the design.

Note: This application has already been compiled and is available at
design\generated_files\SDK_apps\app_cpul.elf.

Prepare to create the application:

1. Select File > New > board_support_package.
2. Change the Project Name to app_cpul_bsp.
3. Change the CPU to ps7_cortexa9_1.
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4. Change the Board Support Package Project to standalone_amp, as shown in Figure 12.

Mew Board Support Package Project

Xilinx Board Support Package Project
Create a Board Support Package.

Project name:  app_cpul_bsp
[¥] Use default location
¢ | K\cased824_xapps\amp_std-std_14.3\amp_14 3hworkh\edk_systern\SDK\Work: Browse...

e systerm: | default

Hardware Platform: ’edk_system_hw_platform

CPU: ’ psi_cortexad_1

standalone [Modified for AMP. Standalone is a simple, Iow-le\.relusoi"twareulayer. It

provides access to basic processor features such as caches, interrupts and
lexceptions as well as the basic features of a hosted environment, such as

istandard input and output, profiling, abort and exit.

BT

(18

)

@

) [ Enish || Cancel

X1079_12_020613

Figure 12: CPU1 BSP

5. Click Finish.
6. Select Overview > Drivers > cpu_cortexa9.
7. Add -puse_amp=1 to extra_compiler_flags, as shown in Figure 13.

Overview
standalone_amp
drivers

cpu_cortexad

Board Support Package Settings

Control various settings of your Board Support Package.

Configuration for driver:  cpu_cortexad

MName Value Default Type
compiler arm-xilinx-eabi-gee arm-xilinx-eabi-gcec string
archiver arm-xilinx-eabi-ar arm-xilink-eabi-ar string
compiler_flags 02 -c -02 -c string
exi:ra_cumpiler_ﬂags -g -DUSE_AMP=1 -g . stl;ing

Figure 13: CPU1 BSP Add USE_AMP

8. Click OK.

1. Select File > New > application_project.

2. Enter the project name as app_cpul.

3. Change processor to ps7_cortexa9_1.

Descripti
Compiler
Archiver
Compiler
Extra con

X1079_13_020613

To create the bare-metal application that runs on CPU1 and to import the included software:
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4. Change board support package to Use existing.
5. Select app_cpul_bsp, as shown in Figure 14.

' New Project E=EE

Application Project

Create a managed make application project.

Project name:  app_cpul

[¥] Use default location
K\cased824 xappsiamp_std-std 14 3\amp_14 3work\edk_sy Browse.,

default

Target Hardware

Hardware Platform |edk_system_hw_platform V|
Processor | ps/_cortexad_1 - l
Target Software

05 Platform [Standalone v|
Language @C OC++

Board Support Package (7) Create New | app_cpul_hsp

@ Use existing | app_cpul_bsp Z

@_} < Back | Mext » J [ Finish J [ Cancel

’
X1079_14_020613

Figure 14: CPU1 Create Application

6. Click Next.

7. Select the Empty Application template.

8. Click Finish.

9. Inthe Project Explorer tab, expand app_cpul.

10. Right-click the sre folder and select Import from the pop-up menu.

11. Select General > File_System.

12. Click Next.

13. Browse to and select the design\src\apps\app_cpu1 directory.

14. In the left pane, select the app_cpu1 folder but do not add a check mark.
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15. In the right pane select all files, as shown in Figure 15.

e - R (B>
File system s,
Import resources from the local file system. / /
-
From directory: c:\design\src\apps\app_cpu1| - Browse...
[E] = app_cpul [¥] [€ app_cpul.c
¥ T Iscript.id
Filter Types... | [ SelectAll | [ Deselect Al
Into folder:  app_cpul/src
Options
[ Overwrite existing resources without warning
[] Create complete folder structure
Advanced == |
@\' < Back Mext = [ Finish ] | Cancel

X1079_15_020613

Figure 15: CPU1 Select Files to Import
16. Click Finish.
17. In the pop-up window, click Yes to overwrite 1script.1d.
After SDK finishes compiling the new application, the ELF file is available at:

design\work\edk_system\SDK\Workspace\app_cpul\Debug\app_cpul.elf

Generating Boot File

The boot file (BOOT . BIN) normally contains the FSBL, FPGA bit file, and the ELF for the
application that runs on CPUO. In the example design, the FSBL has been modified to
download more than one application so the second application ELF that runs on CPU1 is
included in BOOT . BIN.

The design files contain a batch file, a BootGen configuration file, and a file named
cpul_bootvec.bin used to trigger the FSBL to stop downloading further data or ELF files).

The configuration file contains the names of the files that will be copied to DDR memory. The
order of these files is important. For this design, the order is:

FSBL ELF
CPUO application

w o~

CPU1 application
4. Dummy cpul_bootvec.bin file
A precompiled version of BOOT . BIN is available at

design\generated_ files\boot\BOOT.BIN. All the files referred to in the following steps
are precompiled and available at design\generated_files.
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Note: The boot file must be named BOOT . BIN.
To generate the boot file:

1. Copy the included directory design\src\bootgen to design\work\bootgen

This directory includes the BootGen batch file (createBoot.bat), the .bif file
(bootimage.bif), and a binary file (cpul_bootvec.bin) that contains only the
hexadecimal value OxFFFFFF00 (swapped for little endian is 0x00, 0xFF, 0xFF, 0xFF).
The FSBL recognizes the load address of this file as OxFFFFFFFOQ (as it was configured in
bootimage.bif) and triggers the FSBL to stop loading ELF or binary files and start
running the first ELF that was downloaded.

2. Copy the compiled FSBL ELF from
design\work\edk_system\SDK\Workspace\amp_fsbl\Debug\amp_fsbl.elfto
design\work\bootgen.

Note: If the steps were not taken to compile the FSBL in SDK, a copy is provided in the included
design at design\generated_files\SDK_apps\amp_fsbl.elf.

3. Copy the design\work\edk_system\implementation\download.bit file to
design\work\bootgen.

Note: If the steps were not taken to compile the FPGA bit file, a copy is provided in the included
design at design\generated_files\fpga\download.bit.

4. Copy the generated bare-metal application for CPUO from
design\work\edk_system\SDK\Workspace\app_cpul\Debug\app_cpul.elfto
design\work\bootgen.

Note: If the steps were not taken to compile the application, a copy is provided in the included
design at design\generated_files\SDK_apps\app_cpul.elf.

5. Copy the generated bare-metal application for CPU1 from
design\work\edk_system\SDK\Workspace\app_cpul\Debug\app_cpul.elfto
design\work\bootgen.

Note: If the steps were not taken to compile the application, a copy is provided in the included
design at design\generated_files\SDK_apps\app_cpul.elf.

6. Start an ISE Design Suite command prompt.

This command prompt has the environment setup for the Xilinx tools.
7. From the command prompt, change directories to design\work\bootgen.
8. Runthe createBoot.bat file.

Running this file creates the BOOT . BIN file in the current (bootgen) directory.

Copying Boot File to SD Card

Copy the design\work\bootgen\BOOT.BIN file to the SD card.

Note: If the previous steps were not taken to generate BOOT . BIN, a precompiled version is available at
design\generated_files\boot\BOOT.BIN.

Running the Design

Hardware Requirements

* ZC702 evaluation board

e 12V AC adapter power supply

* USB type-A to USB mini-B cable (for UART communications)
* TeraTerm Pro (or similar) terminal program

e USB-UART drivers from Silicon Labs [Ref 2]
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Hardware Setup

Follow the board setup instructions in the “TRD Demonstration Procedure” section of
Zynqg-7000 All Programmable SoC: ZC702 Evaluation Kit and Video and Imaging Kit (ISE
Design Suite 14.3) Getting Started Guide [Ref 2]. For this design, a mouse, keyboard, USB
hub, monitor, and monitor cable are not required.

The hardware setup configures the ZC702 demonstration board to boot from the SD card. A
terminal program should be configured to listen to the correct COM port with a baud rate of
115200.

When the design is powered up, the board boots from the SD card. The system can take up to
18 seconds before an output begins to appear on the UART. This UART is dependent upon a
third-party driver. For more information, see Zynqg-7000 All Programmable SoC: ZC702
Evaluation Kit and Video and Imaging Kit (ISE Design Suite 14.3) Getting Started Guide.

If the files were created correctly, alternating output to the serial port between CPUO: Hello
World CPU 0 and CPU1: Hello World CPU 1 is displayed, as shown in Figure 16.

£ COM3 - Tera Term VT
File Edit Setup Control Mindow  Help

PUA: Hello World GPU
PUl: Hello World GPU
PUA: Hello World GPU
PUl: Hello World GPU
PUBA: Hello World GPU
PUl: Hello World GPU
PUA: Hello World GPU
PUl: Hello Yorld CPU
PUB: Hello UHorld CPU
PUl: Hello UYorld CPU
PUB: Hello World CPU
PUl: Hello Horld CPU
PUB: Hello Uorld CPU
PU1: Hello Yorld CPU
PUl: Hello Horld CPU
PUB: Hello UHorld CPU
PUl: Hello Uorld CPU
PUB: Hello UHorld CPU
PUl: Hello World CPU

TR = UaTTa Haw1A 0D

Pl i Rl ol i Rl Rl Rl )

X1079_16_020713

Figure 16: Terminal Output

During boot, the PS bootloader detects that the mode pins have been configured to boot from
the SD card. The PS bootloader then opens the BoOT.BIN file and searches for the block of
data that has been flagged with bootloader. As seen in the bootimage.bif file,
amp_fsbl.elf has this flag. The bootloader loads this file into DDR memory and starts
running it. In turn, the FSBL loads the bit file, the CPUO and CPU1 ELFs, and then the dummy
file cpul_bootvec.bin. At this point, the FSBL that is running on CPUOQ jumps to the
execution address of the first application that was loaded after the FSBL. As CPUO starts to run
app_cpu0.elf, it writes the starting address of the CPU1 application (0x00200000) to OCM
at OxFFFFFFFO, then executes the assembly instruction SEV, which sets an event that wakes
up CPU1. Before the bootloader started running the FSBL, it created a small application at
0xFFFFFF00 and set the CPU1 program counter to this location. This application checks the
contents of OXFFFFFFFO and if it is 0, executes the Wait For Event (WFE) instruction. Every
time an event occurs, CPU1 wakes up and reruns the loop where it checks OxFFFFFFFO for a
non-zero value. As soon as a non-zero value is detected, CPU1 jumps to the address location
that was read from OxFFFFFFFO. In this case, the value is 0x00200000, which is the starting
address of the CPU1 application as defined in the 1script. 14 linkerscript for the app_cpu1
application.

The ChipScope analyzer VIO core is used to generate interrupts towards CPU1. A ChipScope
Integrated Logic Analyzer (ILA) core is also located in the design to monitor the IRQ signal.
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To use the ILA core to measure how long the IRQ signal is active (showing IRQ latency) and
create interrupts using the ChipScope analyzer VIO console:

. While the design is running, start ChipScope analyzer.
2. Connect to the JTAG chain.

ChipScope analyzer displays the two devices (ARM_DAP and XC7Z020) that are in the
chain.

Click OK.
Open the existing ChipScope analyzer configuration file by selecting File > open_project.
Click No to saving changes.

o o~ o

Browse to the Chipscope analyzer configuration file at:
design\src\chipscope\csdefaultproj.cpj

Note: The ILA trigger is already set up to trigger when IRQ is High.

N

Select UNIT:1 Trigger Setup and arm the trigger.
8. Select the ChipScope analyzer VIO Console.

9. Click the SyncOut[0] button as shown in Figure 17. Figure 17 also shows the waveform for
the interrupt generated after the SyncOut[0] button is pressed.

Waveform - DEV:1 MyDevice1 (XC7Z020) UNIT:1 MyILA1 (ILA]

Bus/Signal X o I—1|5 ] ? 2|5 4|5 6‘5 8|5 1[|l5 12|5 14|15 1I|35 1I|35 2[|l5 22|5 24|15 2(|i5 z
sync_out a i} " =
IRQ o o | |
slv_reg a i} | |
vio rise edge a i} "

-

[l I I AT [+]
Waveform captured Dec 10, 2012 11:34:28 PM [J\\)

£} VIO Console - DEV:1 MyDevice1 (XC7Z020) UNIT:0 MyVIOO (VIO)

BusiSignal Value

SyncCut[0] JL

@ EVENT STANDBYWEL

0
= EVENT STANDBYWEE 0
1

EVENT_ EVENTO
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Figure 17: ChipScope Analyzer Capture of First IRQ

CPUT1 services the interrupt, sets the global flag, and the CPU1 main () prints CPU1: Hello
World With Interrupt CPU 1, as shown in Figure 18.
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Figure 18: Console Output after ChipScope Analyzer Trigger

Every time the virtual button is clicked, an interrupt is created and the CPU1 IRQ service
routine sets a global variable that the CPU1 main () function uses to alter the print output from
CPU1. In Figure 19 it can be seen how subsequent IRQs have much lower interrupt latency
due to the IRQ service routine being cached.

&l Waveform - DEV:1 MyDevice1 (XC7Z020) UNIT:1 MylLA1 (LA

Bus!/Signal X 4] 213 T i =
L RN S
aync_out a 0 H
IRQ 0 0 [________7
3lv_req a a [
vio rise_edge a 1] H

4]

el alloflafwliaf m |

Waveform captured Dec 10, 2012 11:38:09 PM

X1079_19_020713

Figure 19: ChipScope Analyzer Subsequent Capture

The bare-metal application that services the interrupt is located in DDR memory. When the first
interrupt occurs, CPU1 is instructed to jump to the service routine. This jump causes the
instructions (located in DDR memory) to be read into cache and executed. During the
execution, the service routine finishes by clearing the interrupt signal that is being generated by
the embedded core. In Figure 17, there is a delay of over 65 clocks between the interrupt being
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asserted and the service routing clearing the control bit. The delay of the first interrupt could
vary depending on whether a DDR memory refresh is occurring at the same time as the
fetching of the service routine.

After the first IRQ occurs, the service routine is stored in cache so fetches of the instructions for
the routine are sourced by the cache instead of the slower, less deterministic DDR memory. As
seen in Figure 19, the interrupt service completed after 25 clocks. This delay is approximately
one third of the delay for the first, non-cached, interrupt service.

The time difference between the first and later interrupt services could be reduced by moving
the service routine into non-cached OCM.

Debugging the Design

SDK can be used to connect and debug the applications running on both CPUs in tandem.
XMD provides a command shell and GDB server that connects to the CPU by way of the JTAG
cable. Normally, SDK automatically starts XMD in the background when starting to debug an
application. For this example design, XMD is manually started to connect to both CPUO and
CPU1. Then, SDK is instructed to connect to each XMD GDB server during debug.

Because FSBL was used to boot the design, there is no need to reinitialize the PS registers.
Care must be taken not to reset the full PS because both CPUs are to be debugged
simultaneously.

To prepare to debug the design:

1. Connect the platform cable to the ZC702 board and ensure that the jumper options are
configured for the correct debug cable.

2. In SDK, select Xilinx_Tools > Launch_shell to open a Xilinx command shell.
3. Atthe command shell prompt enter xmd.
4. Atthe XMD prompt enter the connect arm hw command.

XMD responds with the TCP port number 1234, as shown in Figure 20.

) Engine

All rights reserved

Connected to "arm" target. id = 64 . .
tarting GDB server for "arm" target (id = 64) at TCP port no 1234

4
X1079_20_0120713

Figure 20: Connect XMD to CPUO

5. Enter the command connect arm hw -debugdevice cpunr 2.
XMD responds with the TCP port number 1235, as shown in Figure 21.
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Figure 21: Connect SMD to CPU1

Two GDB servers are now running and listening to TCP ports 1234 and 1235. As XMD
connects, the CPU is halted and output to the terminal should stop.
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To start debugging CPUO:

1. In an SDK Project Explorer window, right-click app_cpu0 and select Debug As >
debug_configurations, as shown in Figure 22.

l CfCe+ - amp_cpul_h:s_ Em.rn-ss - Xilinx SDK

/| File Edit Source Refactor Mavigate Search Run Project XilinxTools Window Help

Bl @ @ -ard-gy K-8 -

= O |_:§ systermn.xml ﬂi\ system.mss ﬂ_ﬂh system.mss ﬂ-

P
B3 amp_cpul_bsp Board Support Package
[> @ amp_cpul_bsp
b =% amp_fshl - - : -
bl e At b | Modify this BSP's Settings |
F |'E app_rniﬂl
b 3 B New *
b @—ﬂ In GoInto ackage is compiled to run on the followi
b =D
; ; on: X\caseB824_xapps\amp_std-std_14.
b G s Open in New Window i A IPP P
® @; i B Copy Ctrl+C
4 = app_
5 [ﬁb B Paste Ctrl+V
b 1
. Gl In % Delete Delete 7205
b &= D M=, ndalene_amp
b s Rename... F2 f
> E edk_s dified for AMP. Standalone is a simple, |
fug  Import.. errupts anld exceptions as well as the bas
i rt and exit.
i3 Export.. k found
| Build Project
Clean Project —
Board Support Packaage,
QJ Refresh F5 I
| Close Project
| Close Unrelated Projects z
i y jE Console &2 ™ E Pruper’ﬂﬁw o
Build Configurations k
rint Size
3
| Mk Sucaets rsize app cpul.elf |tee "a
Index L bss dec hex fi
, : 27736 76816  12cl0 ap
Show in Remote Systems view hg: app cpud.elf.size
Convert To... -
Run As »
Debug As » [ [©] 1Llocal C/C++ Application
Profile As 2 g 2 Remote ARM Linux Application
3
Tian Debug Configurations...
Compare With 2

Restore from Local History...

Generate Linker Script
Change Referenced BSP
Create Boot Image
C/C++ Build Settings

N=2

-
S
L

Ln 23, Col 45, CO

Properties Alt+Enter
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Figure 22: CPUO Debug Configuration
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2. Select Xilinx C/C++ ELF, then click the New launch configuration icon at the top left, as
shown in Figure 23.

Create. manage. and run configurations

ﬁl &b | S Configure launch settings from this dialog:
Ltypefilter text | |_<|> - Press the 'New’ button to create a configuration of the selected type.
[€] C/C++ Application =) - Press the 'Duplicate’ button to copy the selected configuration.

[E] C/C++ Attach to Applic i i
[E] C/C+ Postmortem Det ¥ - Press the 'Delete’ button to remove the selected configuration.

[€] C/C++ Remote Applical }:D - Press the 'Filter' button to configure filtering options.

[ = Launch Group ] 2 ot ] i A
:;: Remote ARM Linux App - Edit or view an existing cenfiguration by selecting it.
| [$7 Xilinx C/C++ ELF|
[ Configure launch perspective settings from the Perspectives preference page.
i
|
||

X1079_23_020713

Figure 23: CPUO Debug Configuration

The name is automatically set to app_cpu0 Debug, as shown in Figure 24.

@ oengCortounions LW

Create, manage, and run configurations

N =
b | = 52 Mame: app_cpul Debug

t)rpe f-i.l.ter text . Main
[€] €/C++ Application
[E] C/C++ Attach to Application

[€] C/C++ Postmortem Debugger Debug\app_cpul.elf ’Search iject...] ’ Browse... ]
[€] C/C++ Remote Application
| = Launch Group

S: Remote ARM Linux Application AppecpLy

173 Source\| . Device Initialization | 4y STDIO Connection | Remote Debug] Debugger Options| = Common]

C/C++ Application:

Project:

| = s: Kilinx C/C++ ELF Build (if required) before launching
|§ app_cpul Debug |
I PPERUETENE Build configuration: | Debug v]
(7) Enable auto build (") Disable auto build
| @ Use workspace settings Configure Workspace Settings...

[/] Connect process input & output to a terminal.
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Figure 24: CPUO Debug Configuration Name

3. Click the Device Initialization tab.
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4. Clear the Path to initialization TCL file field (initialization has already been done by the

FSBL), as shown in Figure 25.

Detus Contguaions N .., =

Create. manage. and run configurations

e = S
E X | B 5 Mame: app_cpul Debug
| type filter text Main (ﬁy Source ﬁ@ Device Initialization . STDIO Connection | [3] Remote Debug} Debugger Options| = Common |

[E] C/C++ Application

[E] C/C++ Attach to Application Reset Type: |Reset Processor Only =

[E] C/C++ Postmortem Debugger

[E] C/C++ Remote Application [7] Do not download program to memory.
| = Launch Group [¥] Verify ELF is in memory after download.
S: Remote ARM Linux Application
[ $7 Xilinx C/C++ ELF Path to initialization TCL file
[ S: app_cpul Debug

Specify Data Files to download before launch:

File Address dd

0w

B I

Relative
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Figure 25: CPUO Debug Initialization

5. Click the Remote Debug tab.

6. Instruct SDK to connect to the externally created GDB server by selecting Connect to
gdbserver on a different machine.
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The IP address should default to localhost and the port should be 1234, as shown in
Figure 26.

.o |

[E] C/C++ Application
[E] C/C++ Attach to Application
[E] C/C++ Postmortern Debugger
[E] C/C++ Remote Application
= Launch Group
i: Remote ARM Linux Application
37 Kiline C/Ce+ ELF

i: app_cpul Debug

7.
8.
9.

10.

Debug Configurations
Create, manage, and run configurations ‘E
L | AL
= X | B 3¢ Mame: app_cpul Debug
type filter text [E] Main % Source | "4 Device Initialization |#. STDIO Connection | [3] Remote Debug . [3] Debugger Options| = Common

[¥] Connect to gdbserver on a different machine.
Remote GDB Server

To open a gdbserver, launch XMD on the remote maching, and connect to the processor.
AMD will then report the port at which the gdbserver is open.

IP Address:  localhost
Port: 1234

X1079_26_012413

Figure 26: CPUO Remote Debug Configuration

Click Apply.
Click Debug.
Click Yes to confirm the perspective switch.

The application is downloaded then executed (the ELF download could have been disabled
in the Device Initialization tab). The application stops at a breakpoint at the first executable
line in the main () function. There are times when the application might not automatically
stop at the beginning of main () so the Pause button (suspend) might have to be clicked.
It is possible to restart the application on CPUO by using SDK to manually set a breakpoint
at the beginning of main (), changing the PC (program counter) to 0x00100000, then
clicking Resume.

Click the Resume, Single Step, or other debugging buttons to continue running the
application.

While debugging CPUO, start debugging CPU1 by following these steps:

In the SDK window, select C/C+ View.

In the Project Explorer window, right-click app_cpuland select Debug As >
debug_configurations.

Select Xilinx C/C++ ELF, then click the New launch configuration icon at the top left. The
name is automatically set to app_cpui Debug.

Click the Device Initialization tab.

Clear the Path to initialization TCL file field (initialization has already been done by CPUO
and the FSBL).

Click the Remote Debug tab.

Instruct SDK to connect to the externally created GDB server by selecting Connect to
gdbserver on a different machine.
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The IP address should default to localhost and the port should be 1235.
Click Apply.
9. Click Debug.

The application is downloaded, then executed. The application stops at a breakpoint at the
first executable line in main ().

10. Click the Resume, Single Step, or other debugging buttons to continue running the
application.

At any point within the Debug view, the focus can be switched between CPUO and CPU1 debug
by selecting the listed function under Thread. As each function is selected, the visible source
changes, as shown in Figure 27.

TR ) [EN] g | Wy AT AT W AT - - R -
%5 Debug % P O | 2 = | i+ 7@ ¥ = O||®= Variables | ®p Breakpoints 32 “._[3] XMD Consol | i} Regi
4 X app_cpul Debug [Xilink C/C++ ELF] 352 3
e / . = - -
a KMD Target Debug Agent (12/9/12 11:58 PM) (Suspended) B & Hunchion et itype Tempotan]

4 ' Thread [1] (Suspended: Breakpaint hit.) J
= 1 main() app_cpul.c:88 0:0010041c i

p arm-xilinx-eabi-gdb (12/9/12 11:57 PM)

g Ahcased824_xappsiamp_std-std_14 3\amp_14.3\workiedk_systen\SDK\Workspac

4 i: app_cpul Debug [Xilinx C/C++ ELF]
4 KMD Target Debug Agent (12/10/12 12:14 AM) (Suspended)

4 o Thread [1] (Suspended)
= 1 main{] app_cpul.c:81 0:0020037c %

p arm-xlinx-eabi-gdb (12/10/12 12:13 AM)

g Mhcased82d_xappsiamp_std-std_14 3amp_14.3\workhedk_syster\SDIK\Workspac

7| & [function: exit] [type: Temporary]
[¥] & app_cpul.c [line: 86]

Mo details to display for the current selection,

4 i F

I systermn.ml i, system.mss |k, systern.mss |, system.mss [€ app_cpul.c &2 = O|[ B Outline &2

e e ey R ——— ==y =o—

-

print ("CPUl: init_platform\n\r"}: o stdio.h
o xilio.h

while (1) { o xlmm
while (COMM VAL == 0}{}; o platfon
print ("CPUl: Hello World CPU 1\n\r"): # MY RE
COoMM VAL = 0 # COMN

@ main()

}

cleanup platform():

m

X1079_27_012413

Figure 27: Debug View

Conclusion The example design demonstrates how to boot the Zyng-7000 AP SoC and start two Cortex-A9

processors, each running their own bare-metal application. Leveraging the low overhead of a
bare-metal application on CPU1, an interrupt sourced from the PL is serviced and
communicated to the bare-metal application running on CPUO.
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